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INTRODUCTION 



Present dsy structural desi£n is baaed upon theory conpoaed 
of numerous assumptions, some of which have been proved rigidly 
by experimental data while others have been shown to be adequate 
only so long as a large enough safety factor is introduced. 

The strength and stability of the majority of our structures 
which have been built in the last thirty years attest the 
overall adequacy of the theory being used. However, as stated 
above, this theory is padded in numerous places with high 
safety factors to insure adequacy in instances where experimen- 
tal data is lacking. Of course, information which is locking 
could be obtained by trial and error — building a stiucturo, 
loading it, and observing vdiether or not the structure sup- 
ported the loads to which it was subjected. If a person 
lived long enough and had unlimited resources, he might obtain 
some very important infoimiatlon in this way. However, as has 
been done in the past and as will probably be done in the 
future, designers have attempted to make models of the structure 
they wished to investigate end, by subjecting those models to 
loads 7/hich simulated the actual loading, learn something about 
the action of the prototype. Model analysis has proved very 
useful in some instances. 

In the field of rigid frames, for example, little is 
known about the stresses at the knees. Practically all the 
Information we have at this time came from the results of some 
full and quarter scale tests conducted several years ago by 
the U. S. Bureau of Standards, Lehigh and Colambia Universities, 
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and tho University of Illinois. The so tests were very ex- 
pensive, and are not likely to be repeated for checkin^ 
purposes in the near future. The results of these teats 
di3S(i,reed radically with the stresses predicted by theory. 
Although a new theory was evolved, to date it has not been 
checked. The smell scale testing that has been done up to 
this time has not yielded, in general, satisfactory results. 

In an effort to help solve this problem, E. J. Scullen 
designed and constructed at Rensselaer Folyteciinic Institute 
in 1950, as a master's thesis, e model testing frame which 
could accommodate intermediate scale models (approximately 
one twenty-fifth to ono fifteenth scale.) It was hoped that 
by testing intermediate scale models, ’ accurate infoimation 
could be obtained at much less expense than by testing largo 
scale models. 

The object of our thesis, then, was to develop a technique 
for constructing the interniediete scale models. The prime re- 
quirement of any teciinique ?/ould be to produce a model which 
could be expected to simulate the action of its prototype. 

The technique should be inexpensive. It should be simple, so 
that master craftsmen are not r-equired to build the model. 

The technique should facilitate rapid construction of a model. 
Last of all, the teciinique should be flexible, lending itself 
to the fabrication of models of varied shapes. 

In the attainment of the object os pi’escnted above, the 
authors constructed many different models and tested these 
models by various moans to detentilno their suitability for 
model analysis. 
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I. COHSIDERATIOH OF MATERIALS TO BE USED 

The problem of building e suitable model for laboratory 
analysis is e matter not only of the techniques end methods 
that might be used, but also a matter of what material should 
be used. Therefore, it is necessary first of all to look at 
the various materials readily available, and from these, to 
pick one or two that seem to possess the greatest possibili- 
ties for success. 

Those materials which seemed to us to offer the best 
possibilities were; aluminum, steel, plastic, and wood. 

An understanding of the jjroblem of using the loading 
frame with the high loads which it will be desirable to apply 
will bring to mind a question about the feasibility of using 
wood and plastic. Wood, of course, is readily available, but 
the difficulty of fabricating suitable models such that reason- 
able values could be predicted for their prototypes is a major 
problem. Also, knowing that eventually it will be desirable 
to build welded structures, the making of suitable joints with 
wood that would resemble welded joints presents a problem of 
questionable solution. The possibility of using plastic is 
equally as difficult as using wood, not only because of the 
problem of putting joints together and the low loads plastics 
are capable of can*ying, but of importance la the fact 

that residual, stress free models are very difficult to make. 
This then brings us to aluminum and steel. These two 
metals were chosen in preference to other metals due to the 
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great deal of information that is known about thorn, such that 
the problem of making models mlj-,ht be simplified by using 
techniques already recognized as acceptable. It was decided 
to use aluminum first, primarily because of a ready supply 
on hand, along with the fact that the equipment available 
was best suited for handling that material. The most recog- 
nized characteristics of aluminum ere its light weight, 
resistance to corrosion, and high strength, which moke it 
highly desirable for this work. However, there are several 
properties of aluninimi wMch tend to hinder the possibility 
of success. These are: (1) the feet that the melting point 

of aluminum is very close to the welding temperature such 
that o^eat care is needed to avoid melting the parent material 
while welding, and; (2) the coefficient of thermal expansion 
of aluminum is slightly more than twice that of cast iron or 
steel with the resulting effect that care must be taken to 
consider expansion and to control It carefully in order to 
avoid distortion. Secondly, wo decided to try steel as a 
material for a possible second method even if aluminum should 
work out. This would prove to be very helpful, if successful, 
since with the higher strength of steel it would be possible 
to build models which would be capable of carrying the full 
load of the loading frame. 

Thus, with this in mind wc started with aluminum as our 
first material and proceeded ns the following pages indicate. 
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II. AJ.UKINDM MODULUS CJfECK 



In the febricetlon of models from eluralnum by brazing, 
soldering, or welding it is necessary to heat the aluminum, 
the temperature i*equirod depending upon the method used. 
Aluminum slloys which derive their strength from alloying 
and subsequent temporing^!- ere annealed by rohooting (if the 
reheating tomporature is high enough) end lose their strength. 
Aluminum alloys which derive their strength from alloying 
alone ere not approciebly changed by heating them to tempera- 
tures below their melting points. Of the alloys tested, 

61ST6 is one of the former, wldle 52S0 is one of the latter. 

We were interested in finding out what happened to these 
alloys, with respect to their structural strength, specifically 
their moduli of elasticity, vhen they were heated to tempera- 
tures required for brazing, soldering, or welding. As stated 
In Hie Aluminum Company of America’s literature, "Alcoa 
Aluminum and Its Alloys,” and "Welding and Brazing Alcoa 
Aluminum," the results of heating these alloys could be de- 
teimilned for each case only by Individual teats. We, there- 
fore, elected to test various heated and unhoated samples by 
using electric strain equipment. 

A. Electric Strain Gage Equipment """' 

1. General 

'Hie electric strain gage equipment used was 

'Sf Engineering Physical T'etallurgy (Chapter 4) - Heyer 

For a detailed description and for operation procedure, 
see Baldwin instruction book, bulletin 512, entitled 
"Type L Portable Strain Indicator.” 
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coinposod of, easentiolly, bonded wire strain ijC^es, type SR-4, 
and an electric indicating device for neesurint^ strains, in 
nicro- inches, produced In those strain by some type of 

loadings applied to the material upon v/hich the i.ai^es were 
nountod. The indicating, device, Baldwin Type i., indicatoa 
strains resultiiic from the loading by measuring the change in 
electrical resistance produced in the bonded gages. 

Loading to the indicator are two sets of v/irea, 
one set from the active gage and one set from the compensating 
gage. The active gage is mounted on the test piece or model 
which is to be loaded; the compensating gage is mounted on a 
piece of the same material os that on which the active gage 
is mounted, is placed near the active gage, but is not loaded. 
The purpose of the compensating gage Is to correct the strain 
reeding for temperature prevailing in the vicinity of the 
active gage, 

2, Operating Procedure 

a. Check calibration of indicating device if 
equipment is being used for the first tine.'"*' 

b. Chock batteries; if the pointer remains in 
the red part of the dial, now batteries are 
needed, 

c. Connect leads from compensating and active 
gages to their respective terminals. 



■» See Calibration Check Procedure below 
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d. Turn battery switch to ON position, and allow 
10 seconds for tube wam-up. 
o. Set the correct value of factor, as 

supplied by the gage manufacturer, on the gage 
factor dial. 

f. Bring the pointer to zero, and reed the 
indicator dial. This is the zero reading. 

g. Load the test piece, bring the pointer to 
zero, end read the indicator dial. This is the 
loaded reeding. The difference between the zero 
reading and the loaded reading is the strain 
produced in the test piece by the load, in lalcro- 
lncb.es. 

For best results, use hot soldered joints in 
connecting lead wires to gages, and make both load v/ires to 
any one gage the seine length. Also, place the compensating 
gage as near as possible to the active gage. 

3. Calibration Check 

If the indicating equipment is being used for 
the first time, it is best to check its calibration before 
using it. A brief check procedure follows} 

a. Connect the active and compensating gages to 
the equipment as above, and set the gage factor 
dial. 

b. Take a zero reading. 

c. Connect a resistor of known value, (Rq), in 
parallel v/ith the active gage, A resistor of 
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About 500,000 ohma is satisfactory. 

d. Road the indicator dial, and subtract the 



zero reading from this second reading to obtain 
a value in micro-inches vdiich wo will call ”e'*. 

©. If Rg designates the resistance of the active 
which is approximately 120 ohms, then Rq 
referred to in ”c” above equals Rg divided by e 
times the gage factor, 0. 

ie, Rq * 



Rk 



TWJoT 



Ihls computed value of R© should equal the value 
of the knovm resistor* 

B. Preparation of Samples 

Strips of 61ST6 aluminum about 9 inches long and 
about 1 inch wide were cut from sheet aluminum 0.091 inches 
thick. The cutting was don© on a metal cutting bandsaw. The 
edges of the pieces wore sanded to remove cutting burrs. 
Similar strips 0.271 Inches thick were cut from 52S0 stock. 
Two samples each of 61STG and 52S0 v/ero then heated with an 
oxy-acetylene torch, v.'ith azi effort being made to simulate 
the welding and soldering temperatures. As an index to the 
correct tempei’aturo, the pieces were heated until the flame 
Impinging upon the aluminum became tinted with yellow. Tiiis 
was an arbitrary temperature measuring index (which later 
proved inaccurate) adopted after observing the flame while 
actually joining pieces of aluminum. The heated pieces were 
then air cooled. 
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Another strip of 61ST6 was heated in an electric 
furnace to the actual tenperature required for welding, then 
allowed to cool in air. 

An electric strain gage of the SR4 type was then 
mounted on the centerline of each piece at about Its raid-length. 

Explanation of the Qage Mounting Procedm-e 

1. Clean the surface upon which the gage la to be 
mounted. For this purpose, light grinding or sanding with 
emery cloth may be employed. 

2. Degreose the surface with carbon tetrachloride 
(acetone may be used). 

3. Mount the gage: 

a. Scribe lines to indicate gage orientation. 

b. Coat test surface with a layer of Duco house- 
hold cement and allow it to dry about 20 minutes. 

c. Coot test surface with a second liberal coat 
of Duco cement and allow it to dry until it be- 
comes slightly tacky. 

d. Press gage Into position with proper orienta- 
tion and gradually pr-ess out the excess cement with 
the fingers. Watch the comers of the gage 
particularly. 

e. Keep a slight pressure on the gage until the 
coraont v/ill hold the gage to the surface (about 
3 minutes required). 

f. Cure the gage: 

(1) Cure gng,es under a slight pressure - about 
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1 pound will be sufficiont. 

(2) Directly on top of tho cage, place a 
layer of waxed paper, then n piece of sponge 
rubber, then the weight. This combination 
allows tho slight pressure of the weight to 
hold the gage In place %’iiile curing. 

(3) Allow (jages to cur*e at room temperature 
for at least 24 hours. If curing is taking 
place in an atmosphere of high humidity, 
allow a longer curing time, 

(4) As an alternative to (3) above, an 
infra-red heating bulb may be placed near 
the gages, such that a temperature of 150O 
Is maintained, in Vi?hich case only about 5 
hours curing time Is required. 

4, Cover gagos with a light coating of Cereain wax 
to keep out moisture. (If testing la being conducted in a 
laboratory, in all probability no wax coating will be required.) 

D. Check of Mounted Gages 

After gages hove been cured, it is necessary to check 
them before straining them. Tho resistance of a strain gage 
should be about 120 ohms. The leakage resistance to ground 
should be infinite. By using an ohmeter, check the above 
resistsinces, Ihe gage resistance, in order to be satisfactory, 
should be witMn 2 ohms of 120 ohms. The resistance to ground 
should be at least 50 megohms. 
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E* Testing; of Samples end Results (See Fit,ures 1 and 2) 

The samples were loaded as cantilevers, one end being 
held with a damp to a rigid support while the other end 
received the load. 

Loading was accomplished by suspending an empty beer 
can, into which shot was placed, from a knife edge which rested 
in a deep scribe mark tst the end of the test piece. Loads were 
varied by varying the amount of shot placed in the can. The 
shot y/GS weighed on a laboratory balance for accuracy. 

Reproaentati VO lesults of those tests are shovsn on 
the next few pfiges. 
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Modulus Check 




Figure 1 
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Fom of Computations for Check 



Computations : 
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Terms Defined 



I, 

h, 

^ 9 

E, 

h, 

M, 

K, 



P, 



moment of inertia, inches'^ 
width of test piece. Inches 
thickness of test piece, inches 

bending stress in extreme fiber of test piece, Ibs/inch^ 
unit strain indicated by SR-4 geige, mi cro-inche s/inch 
a number proportional to the modulus of elasticity 
distance from point of application of load to the 
center of the strain $ inches 

bending moment, inch lbs, 

a constant which corrects the strain indicated by the 
SR-4 gage to the value actually existing at the extreme 
fiber of the tost piece, 
load applied, pounds 
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Hofited 61ST6 /ili’<j.iinur.i 



Dinenslono of Test piece: 

b * 0.817 inches 

I * 5,21 X 10"^ inches^ 

h s 0.091 inch 

L • 5,34 inches 

E a f ( .0046C) 

© 





Strain 


Reading 








?, lbs. 


Zero 


Loaded 


e 


E 


f 


.25 


0924 


1043 


119 


9.73 


1165 


.50 


0924 


1161 


237 


9.82 


2330 


.75 


0923 


1281 


358 


9.78 


3490 


1.00 


0923 


1400 


477 


9.70 


4060 


*1.25 


0923 


1519 


5QG 


9.78 


5840 


*1.50 


0923 


1637 


714 


9.80 . 


7000 


Strains 


recorded are those 


existing 


10 minutes 


after 



loc.d was applied. limnediately upon applying the loed, the 
strain was somewhat hi^^her, but gradually decreased to the 
above values. After 10 minutes, there was no significant 
chan^,© In the strain reading. 
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Unlionted 61ST6 Aliminum 

Diraonfiions of test piece; 
b • 0.837 inches 
I » 5.33 X 10“^ Inches^ 
h • 0.0915 inches 



L « 

M* 

- 

P, lbs. 


5.375 inches 
1 (.00457) 

Strain 

Zero 


Roacllrig 

Loaded 


o 


E 


f 


.25 


1490 


1C17 


119 


9. GO 


1143 


.50 


1497 


1735 


238 


9. CO 


2281 


.75 


1496 


1853 


357 


9.60 


3430 


1.00 


1494 


1970 


476 


9,60 


4670 


*1.25 


1493 


2006 


593 


9.62 


6700 


*>^1 • 50 


1493 


2201 


708 


9.68 


6860 


Strains recorded arc those ey.ietlng 10 


minutes after the 


load was applied. 


Iranediotely 


upon applying the 


load, the 



strnln wes somewhat higher, but gradually decreased to the 
above values. After 10 minuter, there was no significant 
change in the strain reeding. 
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p, Conclralons 3r 

As ahovm on the procfidln^ tho torch horti-n^^ 

Ox tho 61ST6 strips chrntjOd tholr value of about 2^. 

Consistent, stable strain rondinc,s were obtained ns long as 
the stresses were below about 5000 psi. For stronses above 
about 5000 psi, strains fluctuated with tine. 

Stressing of the 52S0 strips, heated and unhented, 
produced strains which varied radically with ti'^e, even at 
low values of stress. As shown on figures 3 and 4, this 
variation appears almost linear on a seni-log graph plot. 

This action appears similar to creep, only in a reversed 
direction, the test piece seeming to gain strength (l.e., be- 
come strained less) the longer the load of constant value 
remains on it, Tho aiithors consulted v^itli members of tho 
Metallurgy Department in an effort to o;olain this action, 
but were unable to find a satisfactory answer. 

Tho authors concluded from the res> Its of the above 
tests that 52S0 definitely vjould not be suitable for a model 
material, but that 61DT6 would probably be satisfactory. 

In an effort to determine the cause of poor results 
In beams #1 through #7, strips of 61ST6 were placed in an 
electric furnace to find out tho actual temperature required 
for fusion. It was determined that 1125® F, was required for 
fusion of the parent motel with the outecrod filler, Ihe 
temperature left the metal in a very soft distorted condition 
after being heated for about 15 minutes. When an effort was 
made to subject a strip to a flexural load, it collapsed. 
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Tiia® after applyinr: load, 
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Thus, it was impossible to get strain reading with any meaning 
from these pieces. The authors concluded that, since these 
strips had been rendered useless for structural purposes by 
the temperature required for fvjsion, et least in the vicinity 
of the weld when a torch was being used to supply the heat, a 
similar condition of softness and distortion existed. It was 
seen, then, that the amount of torch heating given the G1ST6 
strips, as determined arbitrarily by the slight discoloration 
of the flame as it impinged upon the surface of the aluminum, 
was in reality considerably below the temperature required for 
fusion during welding with eutecrod. This accounts for the 
closeness of the valves of ”E” as determined in the previous 
test, (The actual tempei’ature was probably near that required 
for soldering with the alladin rod,) Welding was then dis- 
carded as a method of making aluminum models, end our efforts 
were concentrated upon the lower temperature alladin soldering 
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III. FABRICATION OF TEfT BEAMS 

The two meterlals used for the making of the test beams 
were steel end aluminum, with the reasons for this choice as 
dictated in part I. This section is dedicated to the methods 
and techniques used, and the problems encountered in the fabri- 
cation of the test beams. It is divided, into tv/o sub ports 
based on the material used, 

A, Aluminum 

Aluminum was ovxr first choice for the reasons previously 
explained. It la best perhaps to begin with the ways the 
material was prepared, 

1. Preparation of Haterial 

' The aluminum for the beams was obtained from 
sheet aluminum of the 61ST6 type, and of varying thicknesses, 

A metal cutting bandsaw was used to obtain the desired sizes, 
with great care being taken to insure that straight pieces 
were obtained. Of Interest at this point, would bo the fact 
that it is necessary to be certain that a sharp blade is used 
in the saw if a straight cut is to be obtained. The sawed 
edges were next ground down to a smooth finish on a disc sand- 
wheel and burrs left from this sending were taken off with a 
belt Sander, This process insured that the extreme edge was 
not only clean, but also smooth such that close fitting tol- 
erances were obtained when Joining pieces. In the making of 
wide-flange beams in v/hich the web of the beam is butted 
against the middle of the flange, it is felt by the authors 
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that oven the thin olualntiiii oxide present at the joint should 
be cleaned off. This was accorapllshed by using e fine emery 
cloth and cleaning the center of the flange along which the 
web would touch. The surfaces of the web neai’ the edges were 
also cleaned up for a short distance, using emery cloth, to 
Insure that the fillet of joining, material would have a good 
surface on which to adhere, 

2, Jigs 

Making a jig to hold the pieces together while 
joining them was one of the most difficult problems encountered. 
We ?/ill explain not only the most successful method used, but 
also the others that were tried. It can be easily understood 
that the problem of jigging Is not just one of holding the 
materials, but also a problem of holding them extremely accu- 
rately in their correct relation to each other. For example, 
in the making of wide-flang© beams it is necessary that the 
web be hold exactly in the center of the flange. The problem 
of jigging is applicable to all the different methods of join- 
ing the materials; therefore, it is only necessary to present 
It once. 

At the beginning, the most important problem of 
jigging seemed to be one of being able to insure that the 
pieces were held in exact alignment. It was with this in 
mind that the first jig was made. 

This jig was constructed using three pieces of 
alumlmim angle, lined with asbestos along the outside against 
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which the main material would he held, as shown in Figure 5. 
Angle A and angle B were clamped together to hold the flange 
securely. Then angle C, which was a cut down angle to give 
the maximum torch clearance, was used in conjunction with 
angle A to hold the web securely. As can be seen in the 
sketch, this method not only gave assurance that the web and 
the flange were at right angles, but also afforded clear 
access for measurement to insure that the web was at the mid- 
point of the flange. Tlie several disadvantages that became 
apparent in using this method were as follows; (1) in spite 
of the asbestos lining, too much heat was lost through con- 
tact with the rnetal jig, such that the heating of the piece 
was irregular and thus the welding temperature, which is very 
critical, was hard to regulate; (2) the two pieces which were 
to b© Joined were both held clamped together, and although of 
the same material, they warped because of the unequal expan- 
sion due to localized beating; end (3) moat important, as 
there was no support for the upper part of the flant.e, there 
was a tendency for it to distort to one side or the other due 
to the concentrated heating near the centerline. • Therefore, 
in the method of welding using eutecrod, as will be explained 
later, the tempci-ntures x’oqulrcd are too high; however, in 
the soldering method, with the sliglitly lower tempera turos, 
it night bo possible to use the above procedure. The method 
finally used, as will be explained, seems to bo a much more 
practical way of solving the problem. 
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Tiie second wee made with the idea in nlnd of 
beinc able to support both flenses and the web at the same 
time to overcome any tendency of these in©:.ibers to warp due to 
lack of support, Wo then constructed a ji^, the cross section 
of which is shown in Figure 6. The two angles were made about 
30 inches long, v/hich of course limited the length of beam it 
was possible to make. The angles wore lined with asbestos 
and one was fixed to a base plate to prevent movoiaent. The 
other angle was made a sliding variety which was held In place 
by clamping it to the fixed arit^le with clamps to provide 
the pressure needed to hold the beam while welding it, Tlie 
correct location of the web was obtained by using a piece of 
sheet aluminum bent on a brake such that it held the web up 
between the two flanges as shown in the sketch. In the process 
of v/eldlng, the two upper welds were placed, the bourn was 
turned over, and the t»vo other welds were placed. Tills method, 
at first, seemed to be the solution to all jigging problems; 
however, one of the problems oncountoi-od in the first jig was 
pi'eoent along with a new one. The old problem was that of 
controlling the heat, and still hadn’t been solved. The new 
problem was os follows. In clamping the two angles together 
we tried to put just enough pressure to cause the joints to 
be tight, but not really forced together. This appeared fine 
from the standpoint of expansion, but still proved inadequate, 
I’Torri the sketch it can be seen tiiat there is no easy way to 
provide support on top of the web, and still leave room in 
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which to use the ficetylene torch* Yhereforo, due to no top 
supi)ort, end, the feet that the web was bound to be held by 
the flen^^oo with more pressure in some places than others, 
there was a definite tendency for the v7ob to rise off its 
support and buckle upvrai’ds when the heat was applied. Tiie 
flanges seemed to stay in line, but the method resulted in a 
beam whoso web was not exactly centered between the flanges. 
Therefore, tljis beam could not be expected to check according 
to the defloctlon theory beint. used. 

Our third design, w},ich eventually led to our 
final and very successful method, came as an effort to olini- 
laate the defects that wore noted in oui- pi^evious jigs, hirst 
of all we wanted to eliminate the heat loss due to contact of 
other nsteriels with those v/e were welding. It was also nec- 
essary to find some ’way to suppoi’t the flanges and web such 
that they would be held in the proper orientation with respect 
to each other. These problems were solved by using i-lnch by 
1-inch steel angle cut in 3/4-lnch lengths. The flange and 
the web were held at right angles by clamping pieces of the 
angle to both the web and the flange along one side leaving 
the other free for welding. Then by adjusting the location 
of the cnj^le on the flange the web could be placed in the 
proper location. This arrangement of angles was made along 
the whole length of the beam, the weld being placed down the 
free side. Kowrever, the flange and the web, which were 
clomped rieidly together, distorted due to the heating. This 
resulted in beams which would not check out. 



( • . J >u « *'<* <=: - ^ '' #t»-'l I >»«»1 • '^ ItT » 

^ * • . . . •u • i • J ? ’ • -%»^> ^ fttw »- 1 4 • j i» ‘ . ^ 6A^ 

i>« •% t *e -• <••* i^u^-T^ **i I'^<' ^ Sot •*^^^ 

'-S . «i. ■«• • #• I • »l ■>•>'» 

« I..^i.».i . ^ • ,«|IU lil 

1 #■ .i r^ •-< tuxjy^ F>>>i 

..->. :^»i.* ri# 4*« *««•,•• •»! '* Ti • <» -^•■^ • ^ 

« 

, j, • . .^•"» .'^ 

^ M. t I • . >W«* *4.' ((T , I* lif 

-^l»-»* «. '* ii’ • “i# •> fC’Ii. .. ilt .d) » tl*V •?»“ 

J«» r^^,^ .1 Ji.' flir -ta# 

i -i.’ -. - *44 •i4..a*;i« c«iaf» In 

-s»»* t»*A# 5»^ ^ 4. >^. .^ »I4 I » flt^Tt^CS *T • *ff > 

•♦o •. .- v#.J Iff tort ^4 

«W* • *-: ••.'•*• .<w4) «4 I v40^.. >aJ I. %« &|</^ t^MS (’ 

tn ^44 Btf Si.i-cA * l« iovu •ti-k tiwtf #*J 

*i 1% i.^rt 4f? ’4 4i»- i*4t| 

Ma*X^ « .: r# ma .l i.' .'I tt Wt* f4«- 

:— 4Vi 4^ 49:^ «#44^ «iAf ^~Ti <f«w •!* ^ tlv** 

' X 94/ if0 .^kjnafif%0\ to'ti 

%vi • ' •! *rx» »9nr ^5^ «CA ?59 •. • • "te 

' <-4, 4AOi« 49 ^ X " tf' » • ♦"«-■ . t • > , i«c4. J *er4 1 1 

19 /I95 4«tt4i . ••' ^ /■*. 9a 4.** •!. j»» t*!# 

/4#» ,»49 «i# ixoa aijM^ .*•-* / 

tf4? 9* o# *«io '•Sxtji^ atliBilijp^ 

. • (<% • ••«!• .‘k/l 4 >Xih- * <>'K« (1’ 



28 



Finally, wo used the sa.’ne x;iethod as described in 
the previous poroi^^raph, but clenxped one piece of angle to each 
side oi"* the rient«?» directly opposite each other, leaving 
enough clearance between the ariijles to insert the web and hold 
it firm and perpendicular. (See Figures 7 and 8.) The pairs 
of angles were placed about one foot apart, 

A clcinp preventing the web and flange frora sepa- 
rating, but allowing lontdtudlnal raoveaent, was placed along 
the beam at each set of an^^les, Tiie whole beam was then sup- 
ported on pedestals placed at the mid-point between the angles. 
Tiiis was done such tliat the beam reaction at the support would 
keep the joint between the web and the flange tight, Tlie 
welding was done next, welding first on one side of the wob 
for a length of about 6 Inches, then on the other side of the 
web. It In important not to weld any closer than 2 inches to 
the angles, T]ie purpose of '(.veldlnt^ on the opposite side Im- 
modiately was to utilize the lioat tiict had already been put 
into the pieces. Ihia also minimized distortion, since stresses 
resulting from heating on both sides of the web tended to be 
cancelled out. After the whole beam v?aa '.velded this way, it 
was necessary to take off the sri^^les and clamps and weld up 
the remaining spaces, Tiiia method gave us consistent results 
on ell beams constructed, as the results in the following 
sections wl.ll indicate. 

5, Check of the Loading Device 

It was felt by the authors that a check of the 
vertical loading frame (see Fic,ure Q) was necessary in order 
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Jig #3 Modified 




Figure 8 




Vertical Loading Frame 




Figure 9 




to Insure that accurate results would be obtained. Therefore, 
en extruded ”T” beam was obtained and subjected to a load test 
on the loedin‘;i frame. The method used to check our procedure 
consisted of loading the beam and comparing’ the actual and 
computed deflections. This set up is shown in p’igure 10. 

The beam, when in the loading frame, was supported 
on knife edges which were rounded on the underneath side so 
that no restraint was placed on them. The load consisted of 
lead shot placed in a bucket. It was applied to the bean by 
means of a knife edge, attached to a yoke (sec Figure 11) 
which supported the bucket. The deflection was messui-ed by a 
1/10,000 of an inch direct reading dial, pieced imdemeath 
the mid-point of the span. Ihe dial holder is shOMVTi in Figure 
11 end was made such that it would also serve as a dial holder 
for taking readings on the horizontal loading frame. 

A comparison of the actual deflections, under 
load, ■with the deflections computed by conventional formulae 
show an average difference of 1.4;^, This check was considered 
close enough to allow the use of this vertical loading frame 
for future model tests. 
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to insure that eccurate results would be obtained. Therefore, 
an extruded “T” beam was obtained and subjected to a load test 
on the loading, frame. The method used to check our procedure 
consisted of loading* the beam and compering the actual and 
computed deflections. This set up is shovm in Figure 10, 

The beam., when in the loading frame, was supported 
on knife edges which vfqi*c rounded on the underneath side so 
that no restraint was placed on them. The load consisted of 
lead shot placed in a bucket. It was applied to the bean by 
means of a knife edge, attached to a yoke (see Figure 11) 
which supported the bucket. The deflection was measured by a 
l/l0,000 of an inch direct reading dial, placed underneath 
the mid-point of the span. The dial holder is shown in Figure 
11 end was made such that it would also serve ns a dial holder 
for taking readings on the horizontal loading frame. 

A comparison of the actual deflections, under 
load, with the deflections computed by conventional formulae 
show an average difference of 1,45'. This check was considered 
close enough to allow the use of this vertical loading frame 
for future model tests. 
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iHl Dimensions nre in inches. 



Conputntions: 

Moment of Inert is, 

I flange = P(bt^t-btc^ ) , I v;eb t(d-rt)^ 

(IP 1? 

I Total equals I flange -HI web. 

Deflection, 

Do PL’'^ 

48 DI 



D- Deflection in inches 
L- Span iencth in inches 
11- Modulus of iUasticity 
I- Moment of Inert i<> 

P- Load in counts 



Stress 



f. 



Uo 

~ 



f- Stress in poi 
M- Moment in inch-oounas 
I- Moment of Inertia 
c- As shown above 






Figure 10 




I 
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Loading Yoke and Deflection 
Dial Holder 




Figure 11 
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Extruded ”T” Be.*m 
( Beam #1 ) 



Dimensions oT Ecan b * 1.24 Inches 

(See Figure 10) t • .128 Inches 

d » .87 inches 

L * 34 Inches 

IJoutral Axis vres computed to be .227 Inches above the bfisc, 
Moment of Inertia (I) ■ .0158 inches^ 

Deflection (D) » 5. IS P (10~^^) 

StrcES (f) • 545 ? 



Dial Reading 



Load 


Zero 


Loaded 


Act. Dcf, 


Conp. Dof, 


% Dif. 


Stress 


1.6 


.0'’561 


.08330 


,00801 


.00830 


0 


551,0 


2.16 


.07566 


.08679 


.01123 


.01123 


.45 


745.0 


3.0 


.07555 


.09170 


.01604 


.01555 


3.05 


1035.0 


4.0 


.07560 


.09708 


.02153 


.02073 


3.72 


1380.0 


5.0 


.07560 


.10160 


.02600 


.02590 


.38 


1720.0 


7.0 


.07561 


.11201 


.05041 


« 036c^0 


.32 


2320.0 


9.0 


.07561 


.12314 


.04753 


.04670 


1.74 


3100.0 


11.0 


.07561 


.13320 


.05759 


,05700 


1.02 


3B00.0 


13.0 


.07561 


.14382 


.06821 


.06750 


1.33 


4480.0 


16.0 


.07561 


.15489 


.07928 


.07775 


1.93 


6180.0 
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4, Technique .Toinlnf’' Flanges to Web 

There were three methods used by the authors in 
fabricating models from aluminum. They were eutecrod welding, 
soldering, and furnace brsTiing, It is in this section that 
we will discuss the three methods and the results of the tests 
run on the models constructed by each method, 
a. Eutecrod Welding 

(1) Welding difficulties 

The difficulty in welding with eutecrod 
is the high temperature required for fusion, 
which approaches the melting temperature of 
aluminum. In actual practice the two tempera- 
tures differ only by about SO degrees and 
great care must be exercised not to bridge 
this differential. The parent matorial will 
warp end disintegrate vary quickly when the 
melting point is approached. Another impor- 
tant point to consider is that, in the vicinity 
of the weld, the yield strength of the material 
has decreased considerably, resulting In the 
material no longer being homogeneous, lliese 
two facts are very important and must be 
considered in view of the final results desired. 

(2) Flux 

The flux used was supplied by the eutec- 
rod company to be used in conjunction with 
their rod. It is a powder that is mixed with 
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TS'stor to roTvx & psRte, which Is spread or 
the joint to bo welded. Care nust bo exer- 
cised in applyln^_, the flux. Insuring that 
only the surfaces at the joint ore covered. 
This l3 true because, if too nuch is used, 
the flux allows the eutecrod to run os it 
nelts, covering & V7eld oroQ that is too large. 
Tills iioint is not ossontiel in naklne Q good 
weld but it api,:.oars to help. 

(3) liethod of wolding (foe rigurs 12) 

The actual nothod used in welding is 
slciilsr to that used in nny torch welding, 
with a inodif lection. The big ehouge adopted 
was In the way the heat from the torch v/as 
applied to the joint, f'athor thsoi directing 
the f 3 ame almost perpendi culsr to the joint, 
wc found it better to shoot the flsrao psral- 
lel to the joint, heatlnt, with ti.,c side of 
the flcme. Using this method, it was found 
that there, wojj bettor control of the heat, 
giving effective preheating with less chance 
of overheating. The rest of tlie welding 
X>roc6dure is the aa.no, l.s., foodint^ in. weld- 
ing rod as the teriperaturo gets high enough, 
and moving along fast enough to give an even 



fillet. 
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Method of Welding 
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(4) Tost Semples and Results 

In order to be sure of the emount of 
load eutecrod weldin^v would sustain, a series 
of test samples wore made. They were of the 
form as shown in Fiouro 13 with the dimensions 
and results as shown below. 

Shear test 

a = 1 inch 
L ® 2 inches 
b = 3/4 inch 
h = .091 inch 

Under a load (P) of 1590 pounds, the parent 

material broke across the 3/4 inch dimension. 

Tension test 

a * 1 inch 
b = 3/4 inch 
h ■ ,091 inch 

Under a load (P) of 980 pounds, the weld broke. 
The results of these tests were definite 
proof that any welds made with eutecrod were 
sufficiently strong to withstand more load 
than the parent material, and therefore, 
strong enough to carry the loads we would use. 
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3ho T sn\ Tf'ns'^.on T’st Sprcl,i.,'n 



j rX^ -^7'//-7 //7 
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c/ - / /^ . y z yz/ y / y y /, 



'. .y y..y /. / / j! y / 






Shear Test 





-P 



f 



Tension Test 




Figure 13 
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(5) Aluminxar:i welded beem tests end results 
Beam 

Beam //4 was constructed, usin^ the eutocrod welding 

method. In jig #2. It was tested on the vertical loading 

frame with the results as given below. 

Dimensions of Beam b * 2.0 inches 

(See Figure 10) t * ,093 inches 

c * 1,32 inches 

d ® 2,73 inches 

L » 24 inches 

Moment of Inertia (I) * .7750 
Deflection (D) ® .0371 x 10"^ P 
Stress (f) » 10.2 P 

Dial Reading 



Load 


Zero 


Loaded 


Act, Def, 


Comp, Def, 


% Diff. 


Stress 


10 


.2800 


.2831 


.0031 


.00037 


87.0 


102.0 


26.6 


.2800 


.2845 


.0045 


,0010 


78.0 


272.0 


35.0 


.2821 


.2859 


.0038 


.0013 


66.0 


357.0 


60.6 


.2023 


.2875 


.0052 


.0019 


63.0 


516.0 


60.0 


.2826 


,2882 


.0056 


.0022 


61.0 


612.0 


75.6 


.2828 


.2901 


.0073 


.0028 


62.0 


771.0 


85.0 


.2829 


. 2916 


.0087 


.0032 


63.0 


867.0 


100.6 


.2831 


.2928 


.0097 


.0037 


62.0 


1020.0 


110.0 


.2832 


.2936 


.0104 


.0041 


61.0 


1121.0 


125»6 


.2836 


.2946 


.0110 


.0047 


57.0 


1280.0 


135.0 


.2839 


.2949 


.0110 


.0050 


55,0 


1379.0 


150.6 


.2839 


.2976 


.0137 


.0056 


59.0 


1537.0 
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Load 


Ze ro 


Loaded 


Act. Def. 


Comp. Def. 


i Diff. 


Stress 


160.0 


.2844 


.2981 


.0137 


.0059 


57.0 


1631.0 


185.0 


.2849 


.2997 


.0148 


.0068 


54.0 


1889.0 


215.6 


.2850 


.3004 


.0154 


.0080 


48.0 


2195.0 



Beam was warped and distorted vrhich accounts for the 
high percentage error. These high errors indicate that the 
whole method was entirely inadequate for a simple laboratory 
technique. The next attempt at eutecrod welding was Beam #7. 






-4r^i‘- .‘-’-ll . Iv] ,u,ti'2 


,10 


-'».M W^lSj 


iUi’ 




o.^’a •'44:'. 


“ : Xv . 


■, • 

«(MV«. 




. . ll 


; .- i 








Y. 1 IX 




• !|* . 






■a. *Air 


t ' '.•• -> 1 ‘ 




^sfvir 


HiA«7 




• t • * » • j la / itfsl r^> 


IP* > 


. «Or.’t« 




sif^ld 



»ir^i • nmr jj*..4ej « <• 

am09 tr* fM fvm * > .i je® 5 itT 



« 









43 



Beam #7 

Beam #7 was constructed using the eutecrod welding method 
In jig It was tested on the vortical loading frame with 

the results as follows; 



Dimensions of Beam 


b 


= 


1.03 


inches 


(See Figure 10) 


t 


S 


.063 


inches 




c 


m 


• 55 


inches 




d 


tt 


1.16 


inches 




L 


a 


12 


inches 



Moment of Inertia (I) = .0455 
Deflection (D) * .0791 x 10“3 p 
Stress (f) a 36.2 P 



Load 


Zero 


Loaded 


Act. Def. 


Comp. Def. 


% Diff. 


Stress 


1.6 


.2337 


.2341 


.0004 


.000127 


67.5 


58.0 


5 


.2337 


.2347 


.0010 


.000396 


60.4 


181.0 


12.2 


.2337 


.2357 


.0020 


.000963 


52.0 


442.0 


19.85 


.2335 


.2364 


.0029 


.00157 


48.3 


719.0 


27.85 


.2338 


.2373 


.0035 


.00220 


37.0 


1005.0 


35.7 


.2338 


.2379 


.0041 


.00203 


31.0 


1290.0 


42.65 


.2340 


. 2389 


.0049 


.00337 


31.2 


1540.0 


51.1 


.2340 


.2400 


.0060 


.00403 


32.8 


1850.0 


58.85 


.2341 


.2410 


.0069 


.00465 


32.6 


2130.0 


66.35 


.2343 


.2416 


.0073 


.00525 


28.7 


2400.0 


74.66 


.2341 


.2428 


.0087 


.00590 


32.2 


2750.0 


110.00 


,2339 


.2470 


.0130 


.00870 


33.1 


3980.0 


160.0 


• 2340 


.2518 


.0175 


.01265 


28.0 


5600.0 
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Load 


Zero 


Loaded 


Ac b • Do 1 • 


Comp. Def. 


% Diff. 


Stress 


185.0 


.2343 


.2540 


.0197 


.01462 


25.8 


6700.0 


235.0 


.2350 


.2603 


.0253 


.01860 


26.5 


8500.0 


259.0 


.2362 


.2644 


.0282 


,0205 


27,4 


9370.0 


283.0 


.2362 


.2680 


.0318 


.0223 


29.9 10 


,500.0 



The readincs taken on Beam were consistently better than 
those on Beam #4, but the porcentefie error was still much too 
high to accept this method as a way for building models. It 
appears tliat, due to the localized heating, there is a definite 
zone of softening in the area of the weld which caused the 
beam to act Irregularly. 






V - ilft--. 

f-, .V 


> . haO^J 


/ •! . • ■ . 


j2X^ \C J 


■ 1 






*?• 




^ A ^ 

i. ^ ' w ^• 




c .CV.**' ' * “ 






«ns^. 




Cl .,J?^ 




•icno > 






’ ! » 




C .oo^* i -'U ^ ♦ 


eWv. 


m* . 




l.u’V. 





ni-U . rt*# -- 0 

- rrifz »i^<. *i>«^ 

^tiUIif* fm • t «i^ 

..r. »iri» .1 -: % -» v.|U«J..i • » •i- «•»«*- ^ 

vv# '»*%».^^ -i6..< ' l9^ »Ui< ’♦ liri* »2 />.iif**ll«« *• %4W>1 

. AiM#*«^I €•• Ci 



b. Aluralnum Soldering 

Tlio method of using aluminum solder es a 
means of constructing our model beams was in- 
vestigated at the some time as the eutecrod 
method. The tv'o methods are very sjmilar, and 
their similarities along with the differences 
will be presented in t)iis section. 

(1) Characteristics of Solder 

Alledin soldoring is not as strong as 
eutecrod welding. However, once the limita- 
tions were discovered, it was possible to 
use it with considerable success. The solder 
melts at a much lower temperature than does 
welding rod. Ihiis most important character- 
istic makes it much easier to use since the 
melting point of the parent material is not 
approached. However, since there is no 
direct fusion of material, the strength of 
the Joint is definitely decreased. The 
sample pull test results will indicate tills 
much more clearly. The i^od used v/aa an 
olladin rod. Tills particular rod required 
no flux. Therefore, it was necessary to 
insure that all oxides were cleaned off the 
aluminum prior to soldering. In addition, 
a reducing flame was used to prevent the 
formation of any oxides while soldering. 
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I’ho method oi' cleaning the aluminum was the 
same as that outlined under eutecrod weld- 
ing. Of the two size rods available, the 
l/l6” rod was preferred to the l/8” rod due 
to the size of the sections being joined. 
There was only one difficulty encountered, 
other than those mentioned under eutecrod 
welding. It was noticed that the solder 
already placed tended to ball up in some 
places along the joint when placing solder 
on the opposite side. This occurred only in 
a few locations, however, and was patched up 
easily by reheating and soldering, 

(2) Method of Soldering 

The tociinique of heating the joint in 
preparation for soldering was the same as 
outlined under the method of eutecrod weld- 
ing. Since the solder requires a lower 
temperature than eutecrod, the size of the 
flame used was considerably smaller. The 
pressure settings on the cylinder regulators 
were 5 lbs, and 2 lbs. for oxygen and acety- 
lene respectively. The main difference in 
soldering is when the filler rod is added. 

As the torch is held in position for heating 
the joint, it is best to hold the filler rod 
in the outer fringe of the flame to keep it 
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in a soft condition. Then, when the reflected 
flane turns oranj^o, quickly remove the torch 
and wipe the filler rod alone the Joint. It 
will be possible only to run the Joint for 
about 1 to 2 inches, es the metal cools 
quickly. Fowever, in our method of using 
the torch to preheat as well as weld, it will 
be necessary Just to J'cat the Joint a second 
or two until it will be hot enough again to 
make another run. This procedure Is continued 
until the whole length of weld Is completed. 
(3) Tost Semples and Results (See Figure 13} 

A series of testa on samples, similar to 
those run using eutecrod, were run using 
solder*. Since there 3a quite a range of 
temperatures at which the solder will flow 
and still not affect the parent i^atorlal, 
we ran two sample tests. The first v»as on 
a model soldered at a very high temperature 
such that there was almost fusion. The 
second was run at the lowest possible tempera- 
ture such that there was no fusion. The 
results of these two tests were considered 
as limits of the possible strength a soldered 
joint would take. In all future teats, wo 
kept our horizontal shear definitely below 
that indicated by the lowest teat. 
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Test ^'1 (Fusiori of rauterial and solder noted) 

Slioai* test a = 1 inch 

L * 2 Inches 
b » 3/4 inch 
h » .091 inch 

Under a load. (P) of 1176 pomds the solder 
failed in shear 

Tension teat a ■ 1 inch 

b ^ 3/4 inch 
h » .091 inch 

Under a load (P) of 85 pounds, the solder 
failed. 

Test #2 (Low temperature) 

Shear test a * 1 inch 

L * 2 inches 
b * 3/4 inch 
h » ,091 inch 

Tlxe load built up to 50.5 pounds, then 
the soldfjr yielded suddenly within the joint, 
althou£,h no cracks were visible. It was im- 
possible to make the specimen take any more 
load. The horizontal shear was 12,6 lbs./ 
inch. 

The authors concluded from these tests 
that if the alladin solder method were to be 
used it would be necessary to keep the loads 
down such that the horizontal shear would be 
less than 12 lbs. /inch, except where we were 
interested in the beam behavior at hifch©r 
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(4) Aluminum aoi.dered beam teats and results 
Bearn ^2 

Beam #2 was constructed uslnt, the alladin solder method 
In Jig #1. It was tested on the vertical loaded frame. 



Dimension of 


Beam 


b 




1.03 


inches 


(See Figure 


10) 


t 


55 * 


.004 


Inches 






c 




.55 


Inches 






d 




1.16 


inches 






L, 


Si 


14 


inches 



Moment of Inertia (I) = .0455 
Deflection (D) = .1250 x 10”^ P 
Stress (f) = 42.3 P 

Dial Reading 



Load 


Zero 


Loaded 


Act. Dcf. 


Comp. Def 


' . i Dif f 


• Stress 


15.1 


.600 


.5975 


.0025 


.0019 


24.0 


640.0 


45.75 


.600 


.5925 


.0076 


.0057 


24,0 


1940.0 


84.0 


.600 


.5860 


.0140 


.0105 


25.0 


3580.0 


100.60 


.600 


.5835 


.0165 


.0126 


23.6 


4260,0 


110.35 


.600 


.5810 


.0190 


.0146 


23.1 


4930.0 


131.6 


.600 


.5785 


.0215 


.0165 


23.1 


6570.0 


150.6 


.600 


.5742 


.0258 


,0196 


24.0 


6640.0 


160.35 


.600 


.5725 


.0275 


.0209 


24.0 


7060.0 


174.65 


.600 


. 5709 


.0201 


.0219 


24.0 


7400.0 


180.75 


.600 


. 5684 


.0316 


.0237 


25.0 


7999.0 


202.75 


.600 


.5658 


.0342 


.0255 


25.5 


8560.0 


210.85 


.600 


.5632 


.0368 


,0265 


27.9 


8960.0 


The 


error 


in Beam 


^2 was believed to have 


resulted 


from 


the fact 


that 


the beam 


was warped and 


untrue . 


y/e, therefore. 



constructed beam ^3. 
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Doani j5>'3 

Beam §Z> was cons tree ted using the alledin soldering 

method In Jig #1. It was tested on the vortical loading frame. 

Dimensions of Beam b » 1.03 inches 

(See Figure 10) t * .064 inch 

c • .55 inch 

d = 1.15 inches 

L ** 23 inches 

Moment of Inertia (I) ■ .0452 
Deflection (D) * .558 x lO**® P 
Stress (f) = 73.2 P 

Dial Readlxig 



Load 


Zero 


Loaded 


A c t/ • DCjf • 


Comp. Def. 


$ Diff. 


Stress 


1.6 


.1559 


.1568 


.0009 


.0008 


11.0 


117.0 


5.0 


.1554 


.1601 


.0047 


.0023 


40.5 


366.0 


12.2 


.1554 


.1649 


.0095 


.0068 


28.4 


893.0 


19.8 


.1553 


.1692 


.0139 


.0111 


20.1 


1455.0 


27.8 


.1555 


.1741 


.0106 


.0159 


15.0 


2040.0 


35.70 


.1556 


.1789 


.0233 


.0199 


14.6 


2610.0 


43.50 


.1556 


.1839 


.0283 


.0243 


14.2 


3190.0 


51.25 


.1563 


.1893 


.0330 


.0286 


13.3 


3750.0 


58.75 


.1575 


.1978 


.0403 


.0328 


18.5 


4300.0 


83.75 


.1605 


.2440 


.0835 


.0418 


49.3 


6130.0 



Beam #3 was made considerably longer than Beam #2. This, along 
with the fact tlxat a zero reeding was taken after each load, hod 
a noticeable effect on the results. While these results were 
better, it was decided to try a new method. We next built beam #5. 
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Beam #5 

Beam ^5 waa constructed using the alladln soldering 
method in Jig ^2. It was tested on the vertical loading 
frame . 

Dimensions of Beam b • 2,0 inches 

(See Figure 10) t « ,091 inches 

c ■ 1,28 inches 

d • 2,75 inches 

L ® 33 inches 

Moment of Inertia (I) • ,7715 
Deflection (D) « ,097 x 10"^ P 
Stress (f) « 13,7 P 
Dial Reading 



Load 


Zero 


Loaded 


Act. Def, 


Comp, Def. 


% Diff. 


Stress 


1.6 


.09037 


.09056 


.00019 


.00016 


15.8 


21.9 


5.0 


.09041 


.09110 


.00069 


,00048 


30,4 


68.5 


13.0 


.09041 


.09193 


.00143 


.00126 


11.9 


178.0 


20.5 


.09041 


.09337 


.00296 


.00199 


32.8 


280,0 


27.7 


.09062 


,09395 


.00333 


.00269 


19.2 


379.0 


34.65 


.09041 


,09505 


.00464 


.00336 


27.6 


473.0 


42.50 


.09060 


.09619 


.00559 


.00412 


26.3 


583.0 


50.25 


.09060 


.09752 


.00692 


.00487 


29.6 


689.0 


58.05 


.09001 


.09870 


.00789 


.00563 


33.2 


795.0 


65.20 


.09090 


.09959 


.00809 


.00632 


27.3 


895.0 


73.60 


.09102 


.10071 


.00969 


.00713 


26.7 


1010.0 


81.90 


.09115 


.10169 


.01056 


.00794 


24.8 


1120.0 



Beam #5 was made longer than Beam #3, and of larger section. 
We made these changes to discover if perhaps length or size of 
section had a major effect on the results, Ihe irregular results 
proved nothing other than it didn't appear to be acting as a beam. 
Wo next built beam //6, 
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Beo:n #6 

Beam #6 wao constructed using the allodln soldering 
method in Jig #2. It was tested on the vertical loading 
frame. 



Dimensions of Beam b 


m 


2.01 


inches 


(See Figure 10) t 


a 


.091 


inches 


c 


m 


.96 


inches 


d 


= 


2.10 


inches 


L 


s 


26 


inches 



Moment of Inertia (I) « ,424 
Deflection (D) = .0864 x 10’^ P 
Stress (f) « 16.7 P 

Dial Reading 



Load 


Zero 


Loaded 


Act. Def. 


Comp. Dof. 


i Diff. 


St res a 


1.6 


.05533 


.05543 


.00010 


.00014 


40,0 


25.1 


10.0 


.05545 


.05626 


.00081 


.00085 


4.9 


157.0 


18.4 


.05546 


.05645 


.00199 


.00157 


21.1 


289.0 


25.9 


.05650 


.05834 


.00284 


.00221 


22.2 


407.0 


53.65 


.05580 


.05968 


.00388 


.00207 


26.0 


520.0 


41.65 


.05605 


.06040 


.00436 


.00355 


18.4 


653.0 


48.80 


.06608 


.06110 


.00502 


.00417 


16,9 


765.0 


64.65 


.05610 


.06384 


.00774 


.00557 


28.0 


1010.0 


73.80 


.05665 


.06533 


.00868 


.00636 


26.8 


1150.0 



Beam #6 didn’t eliminate the errors although the percentage 
error was less than that occurring in beam #5, 
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Beam #8 

Beam //8 waa constructed, using the elledln solder method 

in Jig #3. It was tested on the vertical loading frame. 

Dimensions of Beam b “ 1.03 inches 

(See Figure 10) c • ,55 inches 

d • 1,16 inches 

t » ,063 inches 

L * 24 inches 

Moment of inei’tia (I) = ,0454 
Deflection (D) * .634 x 10"^ P 
Stress (f) = 76.7 P 



Load 


Zero 


Loaded 


Act. Def, 


Comp, Def, 


% Diff. 


Stress 


1.6 


.2625 


.2835 


.001 


.00101 


1.0 


122.5 


5.0 


.2825 


.2857 


.0052 


.00317 


.94 


383.0 


12.2 


,2825 


.2912 


.0007 


.00773 


11.5 


931.0 


19.85 


.2825 


.2964 


.0159 


.0126 


9.35 


1520.0 


27.85 


.2830 


.5023 


.0198 


.0177 


10 . 60 


2130.0 


35.70 


.2850 


.3077 


.0247 


.0227 


8.10 


2740.0 


43.50 


.2833 


.3130 


.0300 


.0276 


8.00 


3330.0 


51.25 


.2835 


.3183 


.0350 


.0325 


7.13 


3930.0 


58.75 


.2835 


.3234 


,0399 


.0373 


6.52 


4500.0 


65.90 


.2835 


,3286 


.0451 


.0408 


9.53 


5050.0 


74.20 


.2841 


.3341 


.0503 


.0470 


6.50 


5680.0 


82.35 


.2840 


.3399 


.0558 


.0521 


6.71 


6320.0 


90.65 


.2847 


.3459 


.0619 


.0576 


7.1 


6950.0 



The percentage error as Indicated in beam ^'8 averages 
leas than 10 percent. This indication that our methods end 
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techniques were improving convinced ua that we should continue 
with our teats with only slight changes in our methods. It 
should ho noticed that the beam is 24 inches long and of such 
a section that a large deflection is obtained. It is felt 
that a large deflection is necessary so that any errors that 
do occur are not a significant part of the deflection. It 
should also be noted that the horizontal shear on this beam 
reached 36,2 lbs, /inches which is considerably above the 
absolutely safe value as determined by test. Therefore, in 
any future tests, a horizontal shear maximum of 10 lbs, /inch 
can be assumed to be absolutely safe. With the above conside- 
rations in mind wc constructed beam =^9, 
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Beam #9 

Bcrih y/9 was a "T” beam constructed using the alladin 
solder method in Jig j^'3 modified. It was tested on the 
vertical loading frame. 



Dimensions of Beam 


b 


« 


1.453 


Inches 


(See Figure 10) 


c 


a 


.8244 


Inches 




d 


m 


1.0938 


inches 




t 


m 


.091 


inches 




L 


* 


54 


inches 



Moraent of inertia (I) = ,02375 
Deflection (D) • 1.38 x 10“2 p 
Stress (f) ■ 468 P 
Horizontal Shear (H) * ^ = ,623 P 

The neutral axis was computed to be ,268 Inches above 
the base. 

Dial Reading 



Load 


Zero 


Loaded 


Act. Def, 


Comp, Def, 


% Diff. 


Stress 


1.6 


,16340 


,18820 


.0248 


.0221 


10.9 


747,0 


2.0 


.16340 


.19210 


.0287 


.0276 


3.8 


935.0 


3.0 


.16340 


.20710 


.0437 


.0414 


5.24 


1405.0 


4.0 


.16340 


.22010 


.0567 


.0552 


2.45 


1870.0 


5.0 


.16340 


,23420 


.0700 


.0690 


2.54 


2340.0 



The error in beam #9 was not as great as that in beam #8, 
The horizontal shear at 5 lbs, was 3.115 lbs. /inches. IVe 
stopped loading at 5 lbs, as we wanted to put another flange 
on the ''T" beam to see the effect. Therefore, we soldered a 
flange on beam #9 to get beam j^lO, 
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Beam j$'10 

Beam #10 ia beam #9 with another flange soldered on. 

Dimensions of Beam b 1,453 inches 

(See Figure 10) c • ,548 inches 

d * 1,188 inches 

t * .091 inches 

L « 54 inches 

fifoment of inertia (I) * ,08873 
Deflection (D) « 3.7 x 10“^ P 
Stress (f) = 90.3 P 
Horizontal Shear (H) “ ,408 P 



Load 


Zero 


Loaded 


Act. Def. 


Comp, Def, 


% Diff. 


Stress 


1.6 


.1320 


.1302 


.0062 


.0059 


4.8 


144.5 


2.0 


.1319 


.1397 


.0078 


.0074 


5.1 


180.5 


3.0 


,1320 


.14285 


.01085 


.0111 


2.3 


271.0 


4.0 


.1320 


.1469 


.0149 


.0148 


0.6 


361.0 


5.0 


.1320 


.1500 


.0180 


.0185 


2,6 


451.0 


6.0 


.1320 


.1541 


.0221 


.0222 


0.4 


542.0 


7.0 


,1320 


.1580 


.0260 


.0259 


0.4 


631.0 


8.0 


.1320 


.1620 


.0300 


.0296 


1.3 


722.0 


9.0 


.1320 


.1658 


.0338 


.0333 


1.5 


811.0 


10.0 


.1320 


.1697 


.0377 


.0370 


1.9 


903.0 


18,0 


.1321 


.1998 


.0678 


.0666 


1.8 


1628.0 




The small 


amount of 


di ff erence 


between computed and 


actual 



deflections as evidenced by the percentage error was considered 
excellent. The horizontal shear obtained was 7,35 lbs, /inches 
at 18 lbs. In view of the results, it was decided to constiuct 
a beam of larger cross section, to see If there would be any 
effect on the accuracy. 
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Beftm ^'11 

Beam #11 was constructed usin^; the alladln solder method 
in Jig #3 modified. It was tested on the vertical loading 
frame. 



Dimensions of Beam 
(See Figure 10) 





Moment 


of Inertia 


(I) » .412 




Deflection (D) * 


.798 X 10”2 




Stress 


(f) » 40.5 


F 




Horizontal Shear 


(H) » *1623 




Dial 


Reading 




Load 


Zero 


Loaded 


Act^e 


5 


.0964 


.1001 


,0037 


10 


.0965 


.1041 


.0076 


15 


.0965 


.1083 


.0118 


20 


.0965 


.1122 


.0157 


25 


.0965 


.1164 


.0199 


30 


.0967 


,1208 


.0243 


35 


.0967 


.1250 


.0283 


40 


.0967 


.1290 


.0325 


45 


.0968 


.1333 


.0366 


50 


.0969 


.1300 


.0412 


55 


.0969 


.1419 


.0450 



b 


S 


1.234 


inches 


c 


ss 


1.193 


inches 


d 


= 


2.477 


inches 


t 


m 


.091 


inches 


L 


= 


54 


inches 



Comp, Bef, 


% Diff. 


Stress 


.0040 


8.1 


202.0 


.0080 


5,3 


404.0 


.0120 


1.7 


616.0 


.0160 


1.9 


807.0 


,0199 


0.0 


1015.0 


.0239 


1.6 


1215.0 


.0279 


1.4 


1417.0 


.0319 


1.2 


1620.0 


.0359 


1.9 


1823.0 


.0399 


3.2 


2020.0 


.0439 


2,4 


2230.0 



Tlie results of Beam #11 proved that our methods and tech- 
niques of constructing^ models were satisfactory. This beam was 
made with the idea in mind of using it for checking strosses and 
calibrating the horizontal loading frame. (See Figure 14.) 

These tests are explained in section IV. 
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Beam #11 on Horizontal 



Loading Frame 
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c. Ftimace Brazing 

Tlie third method of constructing beams by 
furnace brazing was not successful. The furnace used 
was the some one that was mentioned In the '*E” 
check discussion. 

The beam constructed was 24 inches long, 1-1/2 
inches deep, ,091 inches thick and the flanges 
v/ere 1-1/4 Inches wide. The beam was held to- 
gether in the manner discussed for Jig ^'3 modified, 
with clamps holding the flanges together. The 
joining material used was eutecrod. In order to 
get a thin foil, the eutecrod was rolled to a 
thickness of about ,008 inches. It was inserted 
in the joint and held in place by the clamping 
action of the '*C*' clamps. Flux was placed along 
all the surfaces that were to be joined. The 
furnace temperature used was 1125® F, This was 
the temperature, found from tests, that was 
necessary for the materials to fuze. The jigged 
beam was placed in the fumaco and allowed to 
remain for 15 minutes. At the end of the required 
time, the furnace was shut off and allowed to 
cool before Inspecting the beam. 

The whole beam was completely distorted and 
warped, (See Figure 15.) The flanges v/ere weld- 
ed to the web for only about 2 inches at one end. 

It was Impossible to test the beam because of its 



condition 
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p'urnBce Brazed Aluminum Beam 




Figure 1 5 
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This methou ia Impractical for use with 
aluminum. Tlie eatecrod will not flow by Itself 
until a temperature of about 1125° P. is reached. 
This temperature is above the melting point of 
the alloy used, and the beam will not even support 
its own weight. Thus, with the jigging system 
used, the weight of the clamps alone caused the 
whole beam to bo pulled out of shape. Therefore, 
the authors felt it a waste of time to attempt 
any further tests. 

B. Steel . 

For the fabrication of steel models, we selected hot 
rolled strip steel, I-I/2 inches wide and 0.056 inches thick. 
This particular size materiel was selected from the available 
stock at a local steel yard because it would require the 
least cutting in the fabrication of a model. Hot rolled 
strip was chosen in preference to cold rolled strip because 
of its being relatively free of residual stresses. 

1. Preparation of Material 

A hacksaw was used to cut the strip steel into 
the desired lengths. The rounded edges of the pieces were 
ground flat on a mechanical disc sander. Next, the scale on 
the edges and sides, v/Lere the pieces were to be Joined, was 
removed by using eraeiy cloth which gave a briglit surface. 

Cai’e should be exorcised in grinding the edges to insure that 
a smooth, flat surface is obtained. Irregularities v;ill 
cause a poor Joint. 
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2. Jl£S 

Jl{iS uaed for making steel models ¥jere the some 
as those used for making alminum models, as given in section 
III-A-2 above; consequently, they need not be discussed again 
in this section. 

3. Techniques of Joining Flanges to Webs 

a. Silver soldering with an oxyacetylene torch 
In joining the pieces of steel together to 
form a model, we wanted a strong joint, which 
could be obtained without heating the steel into 
its critical range. Heating to a low tempera- 
ture was desirable also to avoid large expansions 
and accompanying distortions. Silver soldering 
seemed to possess all of the above desirable 
characteristics. The ’’Easy Plow” solder we 
used flowed freely at 1175° F., which is well 
below steel’s critical temperature, and it 
possessed a tensile strength of approximately 
65,000 psi. 

(1) Joint thickness 

In the “Welding Handbook” of the American 
Welding Society, a graph is shown expressing 
the strength of a soldered butt joint, using 
silver solder to join stainless steel, as a 
function of the joint thickness. With a 
joint thickness of 0.003 inches, the joint 
strength was 117,000 psi, while with a 
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thicknosa of 0,024 Inches, the strenj^th was 
47,000 psl. This shows the desirability of 
havinc: a close fitting joint between the 
pieces being joined. 

(2) Heating and fluxing 

Before the joint was boated, a coating 
of flux'"‘ was painted on the surfaces to be 
joined, its purpose being to prevent oxida- 
tion of the solder and steel surfaces being 
joined, to dissolve any oxides that might 
foira durinjj heating, and to assist the flow- 
ing of tlie alloy, 'Ihe flux also serves as 
a temperature indicator, in that the joint 
should be heated until the flux remains 
fluid if the torch flame la removed for an 
instant . 

The models we made consisted of tee end 
v/ide-flenge sections. In joining the web to 
the flange, the torch was held in a position 
so that the flame (a slightly reducing flam® 
was used) was approximately xjarallel to the 
axis of the joint being soldered, (See Figure 
18,) By directing the flame in this manner, 
the natorlal in the vicinity of the torch 
tip was heated to the soldering temperature. 
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while the materiel away from the torch tip 
in the direction of the flame became preheated 
to a relatively high temperature, 7/hen the 
correct temperature v/as reached, as Indicated 
by the fluid flux, the silver solder rod 
was touched to the joint. The solder flowed 
freely along the joint until the joint be- 
came too cool. By moving the torch slowly 
and applying solder fro.m the rod at about 
every inch, a strong joint was obtained 
throughout the length of the pieces. 

If the joint la dirty, or if the flux is 
rubbed off at a point along the joint, no 
amount of heating will cause the solder to 
adhex’e to the pieces. In this event, wait 
mtil the piocos cool, clean and reflux the 
spot, then reheat end solder It, 

(3) Test samples and results 

In order to check the strength of the 
silver solder joint in shear and tension, 
test samples of joints were prepared and 
tested. (See Figure 13.) 

Shear test 



a * 1 inch 
L » 1 inch 
b = 3/4 inch 
h « .056 inch 



Tension test 

a • 1 inch 
b * 1 inch 
h - .056 .inch 



Two inches of joint tested in shear was 
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strontor than the parent metal, while one 
inch tested in tension broke at 2830 pounds. 
The strength of the joint was seen to be 
more than sufficient for our purposes. 
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(4) Beam tests and results 
Beam #12 

Bean #12 was a "T" Been constructed by usint^ silver 
solder rod and an oxyactelylone torch, in Jig #2. It was 
tested on the vertical loading frame with the results as 
given belowj 

Dimensions of bean b = 1,5 Inches 

(See Figure 10) t = ,056 inches 

d ® 1,56 inches 

L ® 22 inches 



The neutral axis was computed to be ,417 inches above 
the base. 





Moment of 


Inertia 


(I) = .0905 










Deflection 


(D) « 


.0817 ? X 10“ 


3 








Stress (f) 


= 69.3 


P 










Dial Reading 










Load 


Zero 


Loaded 


Act. Def. 


Comp, Def. 


i Diff. 


Stress 


10 


,4107 


.4132 


.0015 


.00082 


83.0 


690.0 


25 


,4110 


.4141 


.0031 


.00204 


52.0 


1735.0 


50 


,4110 


.4170 


.0060 


.00400 


47.0 


3470.0 


75 


,4107 


.4186 


.0089 


,00612 


45.5 


5200.0 


100 


,4108 


.4220 


.0112 


.00817 


37.1 


6930.0 


125 


,4110 


.4242 


,0132 


.01020 


29.4 


8670.0 


150 


,4111 


,4259 


.0148 


.01223 


21.0 


10400.0 




Tills beam 


was distorted from heating, Hie 


web was 


not 



exactly centered on the flange. The joint, however, appeared 
to be very good. 
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b, Fumsce Brazing, (See Pi^re 16) 

In ftn effort to overcome the distortion of 
the material boinfj joined roaultin^ from loca- 
lized. heating with a torch, furnace brazing v/as 
tried, Tlie bonding alloy was silver solder, in 
the fom of a thin foil or sheet 0.005 inches 
thick, The pieces to be joined were prepared 
as stated in section III-A-1, Flux was applied 
to the surfaces for the purpose previously 
stated. Finally, strips of the foil were in- 
serted in the joint between the pieces to be 
united, end tho whole assembly clamped rigidly 
together. The pieces could be clamped rigidly 
together since there would be no differential 
expansion between the model components v/hile in 
the furnace. The assembly was then inserted in 
the furnace, 

(1) Tho furnace 

Hie furnace used was a Lindberg typo, 
belonging to the Metallurgy Department, It 
was an automatically controlled, electric 
furnace, equipped with a blower for circulat- 
ing tho air within it. Prior to inserting 
the model, the temperature was raised to 
1175° F. 

The model was left In the furnace for 
15 minutes at the 1175° temperature, then 
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Furnace Brazed Steel Beam 




Figure 16 
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token out and allowed to cool in air, 

(2) Patching the model 

The model referred to in the above para- 
graph waa a wide-flange section, about 22 
inches long. Near one end, the flange waa 
not joined to the web for a diatance of about 
2 inches. It is presumed that this bad joint 
waa caused by an uneven web which allowed 
too large an opening to be filled by the 
solder. This spot was patched by placing 
another strip of foil in the opening, fluxing 
it, and reheating the area with a torch. 

Gee following pages for the results of 
the testing of these models. 
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taken out and allowed to cool in air, 

(2) Petchinti the model 

The model referred to in the above para- 
graph was a wide-flange section, about 22 
inches long. Near one end, the flange was 
not joined to the web for a distance of about 
2 inches. It is presumed that this bad joint 
was caused by an uneven web which allowed 
too large an opening to be filled by the 
solder. This sx^ot was patched by x^lacing 
another strip of foil in the opening, fluxing 
it, and reheating the area v/ith a torch. 

See following pages for the results of 
the testing of these models. 
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(3) bou.u to:;t and roaults 
Beara #13 

BGam #13 was a ”T" beam fabricated by furnace brazing 
with silver solder using Jig #3 modified, and clamping the 
pieces rigidly together with ”C” clamps. It was tested on 
the vertical loading frame with the following results. 

Pimenslons of Beam b “ 1.5 inches 

(See Figure 10) t » .056 inches 

d * 1.56 Inches 

L * 16 inches 

The neutral axis was computed to be .417 inches above 
the base. 

Moment of Inertia (I) » ,0905 

Deflection (D) * .0315 P x 10"^ 

Stress (f) “ 50.4 P 



Load 


Zero 


Loaded 




Comp. Def. 


% Diff. 


Stress 


10 


.1520 


.1476 


.0044 


.00315 


28.5 


504.0 


35 


.1581 


.1470 


.0103 


.0110 


6.8 


1765.0 


60 


.1600 


.1478 


.0122 


.0890 


55.0 


3030,0 



The erratic results were thought to have been caused by 
buckling of the web as the load was applied. The beam showed 
very little distortion, end the joint appeared sound. 
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Bean ^14 

Bean #14 was a wide flange section which was furnace 

brazed using silver solder. Jigging method #3 modified, 

with the assembly clamped rigidly together, was used. 

Dimensions of Beam b * 1*5 inches 

(See Figure 10) t * .056 Inches 

d * 1.61 inches 

L - 22 inches 

Moraent of Inertia (I) ® .1172 
Deflection (D) « .0631 P x 10“3 
Stress (f) « 37.8 P 



Load 


Zero 


Loaded 


Act, Def. 


Comp. Def. 


9^ Diff. 


Stress 


110 


.18440 


.19490 


.0150 


.00695 


33,8 


4160.0 


185 


.18450 


.20180 


.01730 


.01169 


32.0 


6990.0 


60 


.18530 


.19130 


.00600 


.00380 


36.5 


2270,0 



This beam appeared to be distortion free and unwanted 
throughout its length. The joint, after it was patched, 
appeared to be satisfactory. The cause of the bad test 
results could be attributed only to the imperfect joint, 
which, even after being patched, probably was not strong 
enough. 
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Types of Beams Constructed 





Figure 17 




i 

J 



i 





IV. Check of Beam fill by Electric Strain Gages 



Beam was found to be very satisfactory when loaded 
on the vortical loading frame. The average variation be- 
tween the computed and actual deflections of this model 
under load was less than two percent. It could be presumed, 
then, that as a whole the model was acting as a wide-flange 
beam should. Hovirever, in order to check this beam further 
and in particular to find out something about the stress 
distribution at various sections along its length, several 
SR-4 electric strain gages were mounted on it. 

A. Location of Gages 

A total of 11 gages were mounted on the web end 
flange of the beam as shown in Figure 18. Gages §1 and #4 
were located at a distance of one beam depth away from the 
centerline of the beam, where the load was applied. Accord- 
ing to the St. Venant principle, the stress at this section 
should be as given by the elastic theory. Gages #2, 

and were placed at a distance of three beam depths 
away from the load on one side of the mid-point while gages 
#10# ond #11 wore placed at a like distance on the 
other side of the mid-point. By locatJ.ng the gages at these 
sections and placing some on the flange and others at differ- 
ent distances from the neutral axis on the web, we attempted 
to obtain a representative set of stress values. 

B. Loading end Results 

As stated previously, this beam had already been 
checked on the vertical loading frame. Since it was antici- 
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pated that models made by our technique would be tested 
eventually on the horizontal loadinc frame, it was necessary 
first of all to chock the action of the horizontal loading 
frame. (See Figure 19.) It was feared that thore would be 
some friction losses caused by the change in direction of 
application of the load over a pulley. 

Beam #11 was placed upon the loading frame in a horizon- 
tal position with steel ball bearings, sandwiched between 
glass plates, supporting it. (See Figure 14.) The same 
loading yoke that was used for vertical loading was supported 
at the center of the beam on ball bearings. The flanges at 
the end of the bean were pushed snugly against the vertical 
knife edge supports, mnkint- sure that the flanges v^ere bear- 
ing along their whole length against the knife edges. A load 
of Imown value was applied, then, at the end of a steel cable, 
which passed over the pulley and was attached to the yoke. 

The results of this loading are shown below; 



Dial Heading 



Load 


Zero 


Loaded 


Act. Def. 


Comp. Def, 


i Diff. 


Stress 


10 


.0745 


.0826 


,0081 


.0080 


1.25 


405,0 


20 


.0745 


.0900 


,0155 


,0160 


3.1 


810.0 


30 


.0745 


,0979 


.0234 


,0240 


2.5 


1215,0 


40 


.0745 


.1058 


,0313 


,0320 


2.2 


1620.0 


50 


.0745 


.1138 


.0393 


.0400 


1.75 


2025.0 
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Horizontal Loading Frame 




Figure 19 
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A cotJiperison of the ectuel and computed deflections shows 
that the friction losses are negligible since the actual 
differences are no greater than those occurring with vertical 
loading. These encouraging results showed that the horizon- 
tal loading frame, with all of its advantages in accomnodatlng 
largo models and in the ease of applying diversified loads, 
could be used for future tests. 

Leads from the £H-4 gages were connected with the indi- 
cating device, and vnliies of strains read for different loads. 
The results of these loadings are shown on the next few pages. 
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Form of Computetiona for Stroases at Varloua fectiona Along 

Bear. #11 

Computations ; 

vBection at distance from the center (See Figure 18) 
M “ (|) (24.5) « 12.25 P I ■ .4128 

Computed f = ^ » lAR s 29.6 Pc 

Actual f » eE * e X 10“'^ 

Section at 3 **d'‘ distance from the center 
M » (^) (19.56) s 9.78 P 

Computed f * M a ■ (9 . t , 7g^P , ) . (g) s 23.7 Pc 
X •^X20 

Actual f » eE « e X 10"'^ 

Terms Defined; 

I, laament of inertia, inches^ 

M, bending moment, inch lbs. 

P, load, lbs. 
f, stress, Ibs./inch^ 

0, distance from neutral axis of beoai to center of gage 
e, strain Indicated by SR-4 gage, micro-lnches/lnch 
E, modulus of elasticity of aluminum, Ibs./lncL^ 

Values of c: 



gag© 




1.238 


ga^e 5, 


.88 


gage 


9, 1.238 


gage 


2, 


1.238 


gage 6, 


.46 


gage 


10, .88 


gage 


3, 


1.238 


gage 7, 


0 


gage 


11, .93 



gage 4, . 
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gage 8, 1.238 
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P = 10 U)s. 



Gage 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


Zero 


0622 


0113 


0732 


1900 


0370 


1361 


1453 


1052 


1804 


0798 


0260 


Loaded 


0598 


0091 


0709 


1087 


0350 


1351 


1452 


1022 


1060 


0779 


0273 


e 


24 


22 


23 


13 


20 


10 


1 


30 


24 


19 


13 


Act. f 


240 


220 


230 


130 


200 


100 


10 


300 


240 


190 


130 


Comp, f 


367 


293 


293 


138 


207 


106 


0 


293 


293 


209 


220 


% Diff. 


34.5 


24.9 


21.5 


5.8 


3.4 


5.7 




2.4 


18.1 


9.0 


41.0 










' = 20 lbs. 














Gage 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


Zero 


0622 


0113 


0732 


1900 


0370 


1361 


1453 


1052 


1884 


0798 


0260 


Loaded 


0561 


0064 


0686 


1871 


0332 


1340 


1454 


0998 


1835 


0761 


0288 


e 


61 


49 


46 


29 


38 


21 


1 


54 


49 


37 


28 


Act. f 


610 


490 


460 


290 


380 


210 


10 


• 540 


490 


370 


280 


Comp, f 


735 


587 


567 


277 


415 


213 


0 


588 


588 


417 


441 


% Diff. 


17.0 


16.5 


21.7 


4.7 
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1.4 




8.2 


16.7 


11.2 


36,4 










- » 30 lbs. 
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0113 


0732 
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1361 


1455 


1052 


1884 
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C2G0 


Loaded 


0529 


0035 


0662 


1850 


0312 


1328 


1453 


0968 


1800 


0743 


0300 


e 


93 


78 


70 


42 


58 


33 


2 


84 


76 


55 


40 


Act. f 


930 


780 


700 


420 


580 


330 


20 


840 


760 


550 


400 


Comp, f 


1100 


880 


880 


417 


625 


320 


0 


881 


881 


626 


662 


% Diff. 


15.5 


11.3 


13,6 


0.7 


7.2 


3.1 




4.6 


13,7 


12,1 


39.7 
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r = 40 



Gape 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


Zero 


0622 


0113 


0732 


1900 


0370 


1361 


1453 


1052 


1084 


0798 


0260 


Loaded 


0498 


0009 


0640 


1840 


0292 


1317 


1452 


1022 


1860 


0779 


0273 


e 


124 


104 


92 


60 


78 


44 


1 


30 


24 


19 


13 


Act. f 


1240 


1040 


920 


600 


780 


440 


10 


300 


240 


190 


130 


Corap. f 


1470 


1175 


1175 


555 


831 


426 


0 


293 


293 


209 


220 


% Diff. 


15.6 


11.5 


21.7 


8.1 


6.1 


3.3 




2.4 


18.1 


9.0 


41,0 
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Gage 
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10 


11 
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0624 


2115 


0731 


1900 


0564 
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1S84 


0798 
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0461 


1904 


0620 


1829 


0273 
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1449 


0906 


1763 


0709 


0529 


© 


163 


131 
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71 


91 


54 


2 


146 


121 


89 


69 
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1310 


1110 


710 


910 


540 


20 


1460 


1210 


890 


690 


Corap . f 


1838 


1470 
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695 


1040 


533 


0 


1470 
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1442 


1102 
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C. Conclusiong 

In general, the difference between the cosiiiutod and 
actual values of stress becomes less as the load is increased. 
This indicates that for hi^jher stresses, errors Introduced by 
slight Inaccuracies in construction have reduced effect. Hie 
difference between values of sti*ess indicated by gages 2 and 
3 shows that the edge of the flange participates less in re- 
sisting the load than the center of the flange. Tills was 
probably due to a slight buckling of the flange at its outer 
edge. Gages 4 end 6, which were located on the web midv/ay 
between the neutral axis and the flange, gave consistently 
good results. This was due, it was thought, to their location 
away frora the point where the web and flange were joined. 

Gages 5 and 10, located on the web near the flange, gave good 
results, but a little loss accurately than gegeo 4 and 6, 

The difference between stresses at gages 8 and 9 was caused 
by the knife edge of the loading yoke not bearing evenly 
across the top flange. This caused one side of the flange 
to assume more load than the other. No reason can be given 
for the large discrepancy between the computed end actual 
stresses given by gage 11, unless It was due to a defective 
gage. 

An overall comparison of computed and actual stresses 
Indicated that the model was acting satisfactorily. The stress 
distribution closely approximated that given by the flexural 
theory. 
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V. Cone t rue an." restlr^^ a ?.l^ld Fro-ne 

Tho construction and tostlrt;,, of a rigid frame was con- 
sidered as the culmination of all the work done on this thesis, 
A rigid frame is one that is constructed to resist moment at 
the joints. Tho method of building a joint to resist moment 
may be either by riveting or welding. It is in this section 
that wo discuss how we constructed and tested a welded rigid 
frame. 

A. Purpose 

The task of constructing a rigid frame was undertaken 
for two main reasons. The first, and moat important to us, 
was to investigate the soundness of our techniques and methods 
in building models other than plain straight beams. Our last 
tests of beams were very successful, however, the beams were 
all of the same design. Thus, in order to be certain that 
the techniques and methods were sound, we built the rigid 
frame as shown in Figure 20, It would have been possible to 
construct a differently shaped model to test, but it was for 
the reason mentioned below that made us decide in favor of a 
rigid frame. As evidenced by the teats run on rigid fi*nmes, 
as mentioned in the introduction, there was still much to be 
learned, particularly about the stresses at the knees. There- 
fore, by building a rigid frame, we hoped not only to prove 

that our techniques wore sould, but also to advance, perhaps, 
the understanding of stresses at knees in rigid frames, 

B, Design 

The design of the frame was not completely an 
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arbitrary one. To at. to.iOt.-cl to build a "raroe that, although 
not on exact copy of a largo atructure, was similar in most 
ways to on© that mit-ht possibly b© built. Tho important 
feature that Influenced our design was the limit we placed 
on the amount of horlzcntsl shear that w© would allow. Al- 
though our sample tests Indicated that we could go to about 
12 lbs. /inch, wo tried to stay down lower tlian 8 lbs, /inch to 
be sure thst no i-.arr.i would be done to tho welds. Therefore, 
w© deslgiied the frame to give us a maximum deflection with 
the span being used, along with the lowest possible horizontal 
shear for any given load. 

C. Construction 

The rigid frame was constructed using the alladin 
solder method. It vi\s held and supported as indicated in the 
discussion under jigging #3 modified. 

The base detail of the legs is indicated in Figure 
21. Since there are several ways of testing the frame, it was 
necessary to develop a base detail that would accommodate any 
desired method. Therefore, a piece of aluminum plate about 
1/4 inch thick was welded to tho base of each leg. Two holes 
were drilled through each plate so that different types of 
base attachments could be used. The particular attachment 
we used was a simulated pin on each leg. This v/as accomplished 
by bolting a piece of steel bar, rounded on the bottom, to the 
plate. When the rigid frame was mounted on the horizontal 
loading frame, the steel bar was inserted into a slotted plate 
mounted on the loading frarao. This slot supported the bar at 
the bottom and along the sides. 
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rUpid Fnne Base Details 




SuDoort ettnched to horirontal loading frair.o 



Figure 21 



since ti*G Iwn^jfcr- of vuc frn.je was C ft., it was inpr&c- 
tical to cut tlio riun^jCs anu. -.vob iu one piece. xherofoie, 
it was necessary to devise a .aetiiod for splicin^’. It was 
felt that the best way to insure the naxiaun strength was to 
stagt^er the splices. 'UiC location of uheco splices are 
sho7«n in Pit^ure 22, In nalcirio a splice, tho ends of the 
material should be prepared as sho?/n in Pit;,ure 22, This 
Isa recognized method for butt joints as recommended by the 
Aluminum Company of America. The splicoa were made using 
alladin solder, care being used not to apply too much heat, 
such that the x>deces being joined would ‘warp at the splice. 

D. Mounting 

Tho frame was mounted on the horizontal loading 
frame in the same way that beam #11 xtas mounted. (Coe Figures 
23, 24 and 25.) Tlie four support xioints used were under the 
two knees, and one on each side of the load xjoint. Lateral 
support was provided by two pound weights placed on tho frame 
above the support points. It should bo noted here that x^reat 
care must be taken to insure that tho beam is supported 
correctly at the bases. It is important to have both the 
bottom of the steel bar and the side of the steel bur bearing 
along the whole length of the support, or the readings taken 



will be inaccurate 
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Rigid Fraxie showing- locrti.m of Sx>li--s an.- Spl’co Dr tall 
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Rigid Frame on Horizontal 
Loading Device 




Figure 23 
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E. Compute tl on s 

1. Solution for Deflection of Ri£,id Frame by the 
Conjugate Structure Method for a Pinned Base. 



See Figure 26 



(a) * Mxx * (20)(541 P)(2) - 13640 P 



0 >) 



djj * Uxx e (72)(8)(2) 4 (2)(455)(18) 4 (2)(228)(20) 



26632 



H, 



13640 P 
26632 



.515 P 



(c) (60.9 P){6.25) + (66.75)(60.9 P) + (37 P)(72) - (51.7 P) 

(30.25) - (51.7 P) (41.75) - 72 9g « 0 

5355 P _ ^ ,, 

72 ~ *46.25 P 



EIDy 



(46.25 P)(12) - (37.0 P)(4) + (60.9 P)(2.08) - 
(51.7 P)(8.16) ■ 111.8 P 



Dd * Dr * .( SJilUjiLl - .0000569 P 
(1o7)(,4) 



EIDc s (46.25 P)(36) 4 (51.7 P)(5.75) - (60.9 P)(29.75) 
(37 P)(36)- 1182 P 



Dc 



..nag. £- 

(10“)(.4) 



■ .000296 P 
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Sicifji’aiii for solution of Conju,'^?. to Stnicturo 





I i 

34ip 



T 




(b) 




12 - 






/< T 

;J72 



24 



t i ; 

4‘^q 228 ^ , 

I ■ 

V 






MC 






t ^ 

O,' 



(c) 



Vr 



Vo 



5.6QP 






-6,17? 



- .513? 






/ 



P/2 



P/2 



* { 

V! i 

5y?'l 



■ / 
/ 



/ 



/ ' 



y 



46.25? 



Figure 26 
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2. Check Solution foi reflections of IrauTio 

by IntG<_ ration Dclnt, tho Kethod of Virtual ..’ork 



EIDc =/l 



t^,idx 




= .264 P 



^12 ^ ^ 57.93 

P/ X +/ (36.1 P - 3.05 P X + 



0 0 
.0974 Px2) dx 



= 152 F t 1441 P - 2760 P + 1765 P 
= 590 P 
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3. Corrections to Deflections Resulting from 
Movement of Base, 

It was noted that the base deflected a slight 
amount when the structure was loaded; therefore, it was 
necessary to correct previously computed deflections for 
this movement. This was accomplished by interpolating be- 
tween the deflections resulting from a pinned base and a 
base on rollers to obtain the correct deflections, 

a* Solution for horizontal deflection at E, 
with E on rollers, (See 1‘iguro 27.) 



•I, • f~ 

^ y El 



El Dtt 
2 



-37,93 

(P/2)( ,949)(x)(12 



+ ,316x) dx 



D,, . L2 ) im oi Ln 

^ (,4){10 0 



.00341 P 



6820 P 



b. Solution for vertical deflection at C with E 
on rollers, (See Figure 27.) 
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25 P X ® 3888 P 
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Dq = ( , 2 ) ( 3888 P) . « .001944 P 
(.4)(10“) 



c. Sample correction for any load P. 
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Base on rollers ,001944 P ,00341 P 
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iJlHS-rnn for oolution of ^^efl^ctions by virtual orK 
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Figure 27 
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4. 



R is tlio sum of the outward deflections at 
the bases, as determined by mechanical dials. 

Z is the corrected deflection at C, arrived at 
by interpolation. 

■fhe corrected deflection at the knee is 
arrived at by appl^in£i the movement of the base 
directly to the computed value at the knee. 
Computati*ns for ctrescos at various sections 
along the frame. (See Figure 20.) 

On the log, 1.5 d from knee; 

M * (.513 P)(8.30) * 4.27 P 

f = ^ = * 10.66 PC 

■ 1 - .40 



On the girder, 1.5 d from knee 

M • .613 P [(3.75)(^^) + 12j - (|)(5.76) 

^37?93J * 4.99 P 

f ■ M£. * « 12.5 Pc 

I .40 

On the glr*der 1.5 d from C; 

M = (.513 P)[(34.5S)(- g - ^gg ) + 12^- (P/2)(34.66) 

f ® M£ « (4.60 P)(o) B 11 5 Pc 
I .40 

5. Correction to stresses resulting from movement 
of base. 

Due to the movement of the base it was necessary 



to apply a correction to the stresses computed in section 4 






t« #iuf# > 1 I 



1 t3 y~ i ' ! • • ^ *•<» * 1 *c> •• 

7* **r|^*« im |« . In *>tT 



r • • I i 



•J t 

V I 



• i •"9iSt •tli •A •T>Xl0<l^^t. .•••i-|‘|»rf 

• %ll4 -»ni .•if'ilviC* iy {•••1>U 

,-«0' • • ■‘^ s^i^/ \i «); 

8« ••4*^*^ ’■* ^vTi «.w. 

^ .-J 3>4*^. * •«• < . Ai»i J^l4 

!»»ng T«*'- i -.4 t-AT i>> 

•I f*.* * .*>1 I aW. =* « 



'1 li dtf t44A.^J 1 

- f-r * '*U ' *''^*’* * ^ 



' - •- “ <5S 



> 



yi »..ti » t fc U* yt l i l i- * ‘: 

$0 r d.» •A«i Hi 

■**!]'’ '®-* ' * 

4 0*.* * : 



-^. li 



* iv.U_ «^i. * 



ft«|im^l^ »(>♦ #1 !♦ e *■.»,%» ••o» -'U bJ 

^ 4f9t» »«: 4bi •(» X*>4T*TO0 • \l9tJB ol 



above 



The manner In which the stresses were corrected is 



shown below. 
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.513 P 
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Actual Conditions 
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Q 


Base on Rollers 
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.00341 P 



Q is the average of the outward deflection at the two bases. 

Y is the corrected value of horizontal reaction (Rg) due to 

movement of the bases. The corrected stresses are obtained 

by multiplying the computed values, as obtained in section 4 

above, by — X — , 

.513 P 
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F. Load Tests end Results 



1, Deflections 







a. Deflections at C 
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5. Deflection at B 
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, Stresses 

P = 10 Iba. 
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3. Conclusions 

In tho process of testiu£ our beams and the 
ri£,ld frame on the horlnontol loading device, we came across 
a method of loading that ollnlnetes the possibility of the 
beam twisting due to tho eccentricity of the load. 

It was necessary to have some mothod for center- 
ing the load since any twisting causes errors in the values 
of the stresses. Tho way tliia v/ao done for tho ri^id frame 
is indicated below. 

Gages §1 and #2 v/ore moujited, one on each side 
of the loaded flango near tho load point. Tlio loading yoke 
was then adjusted so that the stresses indicated by those 
gages wore as near equal as possible. ?»'hen these stresses 
are equal, the yoke is applying the load correctly to the 
frame. By using this metliod, the percentage error for all 
strain gages was leas. 

Although tho differences between the observed 
and calculated stresses and deflections for the rigid frame 
were greater than for beam number 11, they wore still considered 
satisfactory. There were many more sources of error In the con- 
struction of a rigid frame. Fosaibilltloa for inaccuracies 
were introduced in tho fabrication of other than a straight 
model, in splicing, and in the construction of the base detail. 
The base detail, in particular, introduced complications. It 
should be noted that corrections to both the deflections and 
stresses had to be made to compensate for horizontal movement 
of the base, which was originally designed for no movement. 
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VI. Dlscusiiion 

In writing this thesis, we have attempted to break It 
down into sections so that each division was a subject in 
itself. Tills method allowed us to gather the results from 
each tost end to present them along with the material from 
which they were deduced. Therefore, it will not be necessary 
for us to mention the rooulla wc have already listed. There 
are, however, several items of a general nature that ore of 
interest as an overall result of each method attempted. 

The welding of aluminum using eutecrod was very difficult. 
It took weeks of practice for us to become proficient enough 
to weld the aluninuiu v/lthout fear of completely melting the 
parent materiel. Also, the heating of the aluminum to a 
higli temperature annealed it so that a large furnace for 
heat treatment would be required to temper it. We, there- 
fore, conclude that eutecrod Yielding is impractical for 
building models in the laboratory. 

From the tests we have run, wo feel that the constmctlon 
of accurate models by soldering is practical. It is definitely 
possible to construct models and to obtain reasonable results 
with close accuracy. The major fault with soldering is that 
low loads must be applied in order to stay within the required 
limits of horizontal shear, Althougli the models constructed 
were near perfect, the allovYeble stress was never developed, 
and it was, therefore, impossible to ascertain the effects of 
high stresses. 
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Ths rcsiulta Tron thy tostu run on the jca:us constructed 
with steel snd silver aoidor vorG not aatiaf actory. Tl:e 
becrivS obtained frori the fuivince nethod seemed absolutely 
peri'cct. Wo have no c. planation for the poor results ob- 
tained, other than perhaps that the joint was not perfectly 
soldered althou-^h It appeared to be so. In view of the hlt,h 
loads the horizontal loading frame is capable of handling, 
we feel that the investigation of steel should be continued. 
It is definitely ths feeling of the authors that a small 
amount of work with the steel method would produce very 
satisfying results. 
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VII. Conclusions 

A. Aluminum solderin^^, using alladin rod to form the 

joint between model components, which are assembled in 
accordance with method number 3 modified, is suit- 

able for model construction. 

B. Aluminum welding as a method of joining model com- 
ponents is not feasible because of the amount of time required 
to become proficient in welding, and because of the uncon- 
trollable warping and distortion attendant with it. 

C. Rimace brazing aluminum, using outecrod os the 
filler material, is not possible. 

D. With further \vork and development, a method of silver 
soldering steel to fabricate models suitable for high stresses 
could be evolved. 
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